To integrate CAD systems with other applications in the CIM world, two principal approaches are currently under development. The feature based CAD systems provide higher level primitives which support not only the generation of the drawing but also serve as basic input for other CIM components. Another approach enables any CIM component to recognize the higher level entities used in CAD systems out of a lower level data exchange format, which might be the internal representation of such systems as well as some standard data exchange format. In this paper the authors examine both approaches in more detail. First a conceptual model of CAD and -as an example of another CIM component -of CAPP is represented. Comparing these two models the authors investigate the possible integrations on the different levels and provide a concise terminology and advantages and dis ad vantages of the different approaches.
Motivation
The expected advantages of a close coupling of CAD and CAPP are the same which also apply to any other elM related connection between different components: The information interchange shall lead to better knowledge transfer, to shorter turnaround times and to improved feedback. In the end, higher flexibility and generally better results are expected.
Conceptual Model of CAD
The task of design in mechanical engineering is to come from an abstract or logic idea of a technical product or system to a specific solution which obeys certain constraints. In recent years many models have been developed to' describe and prescribe this design process (e.g. [VDIl, VDI2, Pahl, Crol] ). According to the reasonable comprehensive model of Pahl and Beitz [Pahl] the design process comprises the following stages:
Clarification of the task
Design activity of collecting information about the requirements -e.g. functions -to be embodied in the solution and about the constraints Design activity of establishing function structures, searching for suitable solution principles, and combining them into first concept variants
Embodiment design
Design activity of determining the layout and forms of the technical product or system in accordance with technical and economic considerations
Detail design
Design activity of laying down the arrangement, form, dimensions, and surface properties of all individual parts; subsequently materials have to be specified, technical and economic feasibilities are re-checked, and all technical drawings and other production documents are produced.
When classifying the conceptual framework of current CAD systems into the above described model of the design process it is only the fourth stage -detail design -which represents the predestinated stage of designing with the help of CAD systems. Since the heart of a conventional mechanical CAD system is its geometric modeller the use of current CAD systems is mainly restricted to allowing and supporting the designer to conceive, evolve, and document the design in terms of technical drawings.
According to Koller [Koll] it is usually not worthwhile extending the conceptual framework of future CAD systems to earlier design stages than detail design. The main use of CAD systems should be concentrated on the design tasks which occur most often in design problems: the design and re-design of already -at least in principle -known solutions. But to come to more effective support of the designer CAD systems have to be extended to more intelligent design tools. For instance, it is desirable to develop CAD systems which are able to heed design rules and design interrelationships or to meet requirements of strength.
Besides the domain of geometric modelling which already has obtained a very high, sophisticated degree, CAD systems can be made more intelligent in terms of non-geometric technical information (e.g. functional requirement specifications, material properties, etc.) and administrative information (e.g. standards for common parts, evolution and versions of design, related families of parts, scheduling, inventory, etc.) [Arbl] .
One approach of coming to more intelligent design tools within CAD systems is to integrate the concept of design by features (cf. [Pral, Sha2, Cunl, Dixl, Shal] ) into a feature based modeller (cf. [Kral] ). Further explanations to the concept of design by features are made in the following chapter of this article.
The conceptual framework for intelligent CAD systems in terms of feature based modelling can be illustrated as figure I shows:
According to the described design process the preliminary layout of the technical system or product (result of design stage three: embodiment design) serves as input for the detail design whereas the definitive layout represents the output. The activity of feature based modelling is characterized by both, the selection/composition process and the specification/computation process. To be able to make decisions in a design process the user -designer -and/or the CAD system need help in the form of specific design knowledge (cf. [Stal] ). If the design problems do not vary to a high degree, the effort
